SEMICONDUCTOR LASER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a distributed feedback 

semiconductor laser used in optical communication. 

2. Description of the Background Art 

In a conventional phase-shift distributed feedback semiconductor 
laser for optical fiber communication, when the cycle of a diffraction grating 

10 is represented by A, single-axial mode oscillation has been realized by a A/2- 
phase-shift structure or the like. However, in this structure, the intensities 
of laser beams output from the front and rear end faces are almost equal to 
each other. For this reason, in order to obtain a large optical output from 
the front end face, a large drive current must be applied to the semiconductor 

15 laser. 

In order to solve the problem, an asymmetrical structure may be 
given to the diffraction grating to achieve an efficient activity distributed 
reflective laser (for example, see reference 1). 

This attempts to achieve high efficiency such that a A/2 -phase-shift 

20 structure or the like is arranged between a region on the rear end face side 
and a region on the front end face side to obtain a single-axial mode. It is 
assumed that a coupling coefficient of a diffraction grating in the rear end 
face region is represented by k 1 and that a coupling coefficient of a 
diffraction grating in the front end face region is represented by k 2. In this 

25 case, the diffraction grating in the front end face region has a corrugation 



which is shallower than that of the diffraction grating in the rear end face 
region. For this reason, an optical output P2 from the front end face of the 
front end face region is larger than an optical output Pi from the rear end 
face in the rear end face region. This is because a ratio (A2/A1) of a power 
5 A2 of a lightwave emitted from a phase-shift region to the front end face to a 
power Al of a lightwave emitted to the rear end face increases depending on 
the depth of the asymmetrical corrugation. When a concrete parameter 
such as a dimension is given to the laser, a large optical output ratio (P2/P1) 
of 1 to 16 or 1 to 27 can be obtained. 

10 However, in the laser described above, as the ratio of k II k 2 is 

increased to increase the optical output ratio (P2/P1) of the front end face 
and the rear end face, a threshold gain difference Agth between a main axial 
mode and a sub-axial mode becomes small. In high-speed modulation, 
oscillation is easily made in the sub-axial mode disadvantageously. 

15 In the distributed feedback semiconductor laser, in order to improve 

the linearity of an optical output / current characteristic, the coupling 
coefficient is changed in the direction of resonator length (for example, see 
reference 2). 

This Reference 2 aims at improving the linearity of an optical output 
20 / current characteristic. Therefore the coupling coefficient is changed in the 
direction of resonator length. But the concrete value over coupling coefficient 
is not described. 

[Reference 1] 

Eda et al., IEICE electric wave section meeting lecture letters in 
25 October 1984, No. 271 in the second separate volume 



[Reference 2] 

Japanese Patent Application Laid-Open No. 10-223967 (1998) 



SUMMARY OF THE INVENTION 
5 The present invention provides a distributed feedback semiconductor 

laser which can achieve high efficiency without deteriorating the stability of 
an axial mode. 

The present invention is applied to a refractive index coupling 
distributed semiconductor laser having a A/2-phase-shift distributed 

10 feedback structure with a refractive index coupling diffr action grating 
formed on an active layer. When the semiconductor laser is viewed in a 
light distributed feedback direction, the value of (duty of high refractive 
index portion)/(duty of low refractive index portion) of a diffraction grating in 
a rear end face region is set to be larger than that of a diffraction grating in 

15 the front end face region. In this manner, an average coupling coefficient 
k 2 of the diffraction grating in the front end face region is set to be smaller 
than an average coupling coefficient k 1 of the diffraction grating in the rear 
end face region, and the coupling coefficient k 2 is set to be larger than 100 



cm" 1 . 



20 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a sectional view of a semiconductor laser according to the 
first embodiment of the present invention; 

FIG. 2 is a graph showing a threshold gain difference and optical 
25 outputs with respect to a change in coupling coefficient; 



FIG. 3 is a sectional view of a semiconductor laser according to the 
third embodiment of the present invention; 

FIG. 4 is a sectional view of a semiconductor laser according to the 
fourth embodiment of the present invention; 
5 FIG. 5 is a sectional view of a semiconductor laser according to the 

fourth embodiment of the present invention; 

FIG. 6 is a sectional view of a semiconductor laser according to the 
fifth embodiment of the present invention; 

FIG. 7 is a sectional view of a semiconductor laser according to the 
10 sixth embodiment of the present invention; and 

FIG. 8 is a graph showing changes in threshold gain and threshold 
gain difference depending on a change in equivalent refractive index. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

1 5 First Embodiment 

FIG. 1 is a sectional view of a semiconductor laser showing the first 
embodiment of the present invention. This semiconductor laser has a A/2- 
phase-shift distributed feedback structure having refractive index coupling 
diffraction gratings 8 and 9 formed on an active layer 6. With respect to a 

20 Bragg wavelength Ag, when a phase shifts lambda/2 by passing phase shift 
structure 3, the phase of reflection of a lightwave which advances to the right 
of a rear end face region 1 is equal to the phase of reflection of a lightwave in 
which advances to the left of a front end face region 2. For this reason, 
strong resonance (oscillation) having a wavelength of Ag is produced. 

25 In FIG. 1, when viewed in a fight distributed feedback direction, a 

4 



value of (duty of a high refractive index portion 8)/(duty of a low refractive 
index portion 9) in a diffraction grating in the rear end face region 1 is set to 
be larger than the value in the front end face region 2, so that the coupling 
coefficient k 1 in the rear end face region 1 is set to be larger than the 
coupling coefficient k 2 which is almost equal to the value of a front end face 
region 2 in a general distributed feedback semiconductor laser. Here, the 
coupling coefficient k 1 and k 2 are both absolute values. In this case, the 
"coupling" means coupling between a forward wave and a backward wave. 
The low refractive index portion 9 is substantially the same as an n-InP 
second clad layer 10. 

With this configuration, an amount of feedback of light to an element 
center in the forward direction of the light is larger in the rear end face 
region 1 than in the front end face region 2. As a result, a large optical 
output is obtained from the end face in the front end face region 2. 

As shown in FIG. 2, as concrete parameters, a length LI of the rear 
end face region 1 and a length L2 of the front end face region 2 are set to be 
lOO^m each, reflectances Rl and R2 of the front end face and the rear end 
face are set to be zero each, and the coupling coefficient k 2 of the front end 
face region 2 are set to be 175 cm' 1 . In this case, when the coupling 
coefficient k 1 of the rear end face region 1 is increased from 175 cm' 1 to 325 
cm' 1 , the ratio (P2/P1) of optical outputs from the front end face and the rear 
end face increases from one time to 28 times. 

The threshold gain difference A gth is the gain difference between a 
main axial mode and a sub-axial mode. Therefore as shown in FIG. 2, when 
the coupling coefficient k 1 is less than 295cm' 1 , the threshold gain 



difference A gth is A gth(l), and when the coupling coefficient k 1 is less 
than 295cm 1 or more, said threshold gain difference A gth is A gth(2). 
Although this threshold gain difference A gth obtained when the coupling 
coefficient k 1 is above 295cm' 1 decreases, even when the coupling coefficient 
5 k 1 is 315cm* 1 , said threshold gain difference A gth is larger than that 
obtained when the coupling coefficient k 1 is 175cm" 1 . Thus, when the 
coupling coefficient k 1 ranges from ITS^cm to 315cm" 1 , with an increase in 
the optical output ratio P2/P1, threshold gain difference A gth does not fall 
greatly. This shows that axial mode is stable and with respect to this point, 
10 This semiconductor differs from a conventional semiconductor laser. 

The threshold gain difference Agth obtained when the coupling 
coefficient k 1 exceeds 315 cm' 1 is smaller than that obtained when the 
coupling coefficient k 1 is equal to 175 cm 1 (the value of the coupling 
coefficient k 2). However, even though the coupling coefficient k1 is 350 
15 cm* 1 , as the threshold gain difference, a value of 55 cm' 1 or more is still 
obtained, that exhibits preferable single mode property. 

In this embodiment, the both the lengths Ll and L2 of the rear end 
face region 1 and the front end face region 2 are set to be lOOyim each. 
However, another combination of lengths may be used unless the single-axial 
20 mode property is not deteriorated. For descriptive convenience, the 

reflectances Rl and R2 of the front end face and the rear end face are set to 
be zero each. However, a front end face and a rear end face which have 
such reflectances that the single-axial mode property is not deteriorated are 
effected in the present invention. 
25 Furthermore, in this embodiment, the coupling coefficient k 2 is set 



to be 175 cm" 1 , and the coupling coefficient k 1 is set to be 175 cm" 1 to 350 
cm" 1 . However, even though the coupling coefficient k 2 exceeds a coupling 
coefficient, i.e., 100 cm" 1 , of a general distributed feedback semiconductor 
laser, the same effect as described above can be obtained. In this 
5 embodiment, the diffraction gratings 8 and 9 are arranged on the active 
layer 6. However, the present invention can also be applied to a structure 
in which diffraction gratings are formed under an active layer. 

For example, this invention is applicable to LD of a wavelength the 
belt of 1.2-1.6 micrometers, LD which has an InGaAsP activity layer, and LD 

10 which has an AlGalnAs activity layer. 
Second Embodiment 

The first embodiment describes that a diffraction grating has a 
refractive index coupling property. However, a complex coupling diffraction 
grating using a diffraction grating having a gain coupling property which 

15 does not deteriorate a single-axial mode property, for example, a diffraction 
grating in which the absolute value of the real part of a coupling coefficient is 
four or more times the absolute value of the imaginary part may be used. 
Third Embodiment 

In the first embodiment, one phase-shift structure 3 is formed at an 

20 almost central portion in a light distributed feedback direction in a region in 
which a diffraction grating is formed. However, as shown in FIG. 3, the 
present invention can also be applied to a structure in which a plurality of 
phase-shift structures 31 are formed at almost symmetrical positions about a 
central portion in a light distributed feedback direction in a region in which a 

25 diffraction grating is formed. 



Fourth Embodiment 

In the first embodiment, one phase-shift structure 3 is used, and a 
phase-shift amount of the phase-shift structure 3 is A/2. However, as shown 
in FIG. 4, when one phase-shift structure 32 is used, even though a phase- 
shift amount of the phase-shift structure is not A/2, the present invention can 
be applied unless the single-axial mode is not deteriorated. As shown in 
FIG. 5, a plurality of phase-shift structures 33 are arranged. Even though 
the sum of phase-shift amounts given by all the phase-shift structures 33 is 
not A/2 , the present invention can be applied unless the single-axial mode 
property is deteriorated. 
Fifth Embodiment 

In the first embodiment, when viewed in a light distributed feedback 
direction, a value of (duty of a high refractive index portion 8)/(duty of a low 
refractive index portion 9) in the diffraction grating in the rear end face 
region 1 is set to be larger than the value in the diffraction grating in the 
front end face region 2, so that a coupling coefficient k 1 which is larger than 
the coupling coefficient k 2 which is almost equal to the value of a front end 
face region 2 in a general distributed feedback semiconductor laser is given 
to the rear end face region 1. However, as shown in FIG. 6, when the 
number of layers (two layers in FIG. 6) of the high refractive index portion 8 
in the diffraction grating in the rear end face region 1 is set to be larger than 
the number of layers (one layer in FIG. 6) of the low refractive index portion 
9 in the diffraction grating in the front end face region 2, the present 
invention can be applied. Therefore, in FIG. 6, the value of (duty of the high 
refractive index portion 8)/(duty of the low refractive index portion 9) in the 

8 



rear end face region 1 is equal to that in the front end face region 2. 
Sixth Embodiment 

In FIG. 7, the thickness of a low refractive index layer 7 existing 
between the layer of a high refractive index portion 8 of a diffraction grating 
5 and an active layer 6 is set smaller in the rear end face region 1 than in the 
front end face region 2. Therefore, the same effects as in the fourth (FIGS. 4 
and 5) and the fifth embodiment (FIG. 6) can be obtained. 
Seventh Embodiment 

In each of the first to sixth embodiments, optical outputs are made 
10 asymmetrical by using the structure in which a cycle Al of the diffraction 
grating in the rear end face region 1 is equal to a cycle A2 of the diffraction 
grating in the front end face region 2 and k 2 < k 1 is satisfied. However, in 
this case, when an equivalent refractive index acting when light is 
propagated through the front end face region 2 and an equivalent refractive 
15 index acting when light is propagated through the rear end face region 1 are 
represented by n2 and nl, respectively, a relationship nl > n2 is generated. 
As shown in FIG. 8, a single-axial mode property Agth is deteriorated, and a 
threshold gain gth of a fundamental-width mode tends to increase. 
Therefore, the relationship between the coupling coefficient k 2 and the 
20 coupling coefficient k 1 are controlled such that n2 • A2 is almost equal to 
nl • Al, so that a considerably preferable single-axial mode property and a 
small threshold value can be realized. 
Eighth Embodiment 

When the semiconductor lasers described in the first to seventh 
25 embodiments are integrated with other optical devices or electronic devices, 



the effect of the present invention can be obtained as a matter of course. 

According to the present invention, the average coupling coefficient 
k2 of the diffraction grating in one end face side is set to be smaller than the 
average coupling coefficient k 1 of the diffraction grating in the other end 
5 face side, and the coupling coefficient k 2 is set to be larger than 100 cm' 1 . 
Therefore, high efficiency can be achieved without deteriorating the stability 
of axial modes. 



10 



